Different health institutions from western countries ha-ve recommended a diet higher in polyunsaturated fats, especially of the n-3 family. However, this is not a trivial task, especially for meat-processing sectors. The objective of this work was to assess the influence of replacing pork backfat with linseed oleogel on the main quality parameters of frankfurters. The frankfurters were formulated by the pork backfat replacement of 0% (control), 25% (SF-25), and 50% (SF-50), using a linseed oleogel gelled with beeswax. The determination of quality parameters (pH, colour, chemical composition, and texture parameters), the fatty acid profile, and the sensory evaluation was carried out for each batch. The fatty acid profile was substantially improved, and the saturated fatty acid (SFA) content was reduced from 35.15g/100g in control sausages to 33.95 and 32.34g/100 g in SF-25 and SF-50, respectively, and more balanced ratios n-6/n-3 were achieved. In addition, the sausages with linseed oleogel also decreased the cholesterol content from 25.08 mg/100 g in control sausages to 20.12 and 17.23 mg/100 g in SF-25 and SF-50, respectively. It may therefore be concluded that these innovative meat products are a healthier alternative. However, sensory parameters should be improved in order to increase consumer acceptability, and further research is needed.
Introduction
The consumer demand for healthy products is expected to grow in the coming years, frankfurter sausages being one of the most popular, with a large market worldwide for their convenience and price. Even though their intrinsic characteristics can vary significantly, pork frankfurters may contain up to 23% fat and 8.7% saturated fatty acids (SFA) [1] , which converts them into less attractive meat products. It is a well-known fact that SFA and trans fatty acids (TFA) provide a suitable texture and juiciness in meat processed products, but they have detrimental effects on human health, such as cardiovascular disease or metabolic syndrome [2] . For this reason, the WHO recommends reducing the energy intake of total fats to less than 30% of the total daily diet and preventing SFA and TFA in the diet [3] . As animal fats are richer in SFA and TFA than those from a vegetal source, the partial
Materials and Methods

Oleogel Elaboration
For the production of beeswax-based oleogel, a commercial linseed oil Vitaquell ® with 72% polyunsaturated (approx. 55% of α-linolenic), 19% monounsaturated, and 9% saturated FAs was used as the oil phase. Oleogels with 8% (w/w) gelator were produced for all the fat replacement experiments. To ensure the solubilization of beeswax in linseed oil, the gelator was dispersed under stirring at 80 • C (above wax melting point) for at least 30 min. After that period of time, the oleogels were left cooling at ambient temperature until gel formation.
Frankfurter Production
Three different batches (1.5 kg per batch) were produced: A control batch (CO), elaborated only with pork backfat, two batches of sausage frankfurter (SF), SF-25, and SF-50 with 25% and 50% of pork backfat replaced by oleogel, respectively. The amount of pork backfat added was 172.5 g, 129.4 g, and 86.25 g for the CO, SF-25 and SF-50, respectively, and the amount of linseed oleogel added was 43.1 g and 86.25 g for SF-25 and SF-50, respectively. These formulations were selected according to previous works developed in our lab. The other components were added in the same proportion: Pork jowl (438.8 g), pork lean (198.8 g), pork heart (240 g), water (172.5 g), ice (418.1 g), sodium caseinate (18.8 g), salt (11.2 g), and commercial mix (189.4 g). The commercial mix (Ceylamix PT-F, Laboratorios Ceylamix, Valencia, Spain) consisted of potato starch, salt, milk, and soy protein, polyphosphates (E-450i, E-452i), dextrose glutamate monosodium (E-621), sodium ascorbate (E-301), sodium, nitrite (E-250), and paprika extract (E-160c).
The meat batter was elaborated as follows. The sodium caseinate and water at 60 • C were homogenized in a Ultraturrax T25 basic (IKA-Werke, Staufen, Germany) for 2 min at a ratio of 5:1. Pork backfat or oleogel were then added and emulsified for 3 min. Once the emulsifying process was finished, the mixture was refrigerated at ambient temperature. Meat batters were elaborated by chopping the pork lean, jowl, and heart in a cutter (Cutter K30, Talsa, Talsabell S.A., Valencia, Spain) at a low speed for 1 min. Afterwards, the pork backfat or oleogel mass was added and chopped for 1 additional min. Finally, the commercial mix was included in the meat batter and mixed for 5 min. During this process, the overall temperature did not exceed 8 • C. After emulsification, each batch of meat batter was stuffed into 25 mm collagen casings and divided into sausages of 8 cm of length.
The sausages were cooked in a water bath (Marmite Mera 120 × 70, Talsa, Talsabell S.A., Valencia, Spain) at 90 • C for 20 min. The sausages were then immersed in an ice water-bath for 5 min, placed in polyethylene bags, vacuum packaged, and pasteurized at 90 • C for 30 min. Finally, the sausages were transferred to a cooler at 2 • C and stored for 24 hours until analysis. A total of 30 sausages of 100 grams (five samples per each batch × three batches × two replicates) were analyzed for different quality traits. Before analysis, sausages were minced in a blender (Moulinex, Barcelona, Spain).
Physicochemical Analysis
Determination of Quality Parameters: pH, Color, and Chemical Composition
The pH value was measured using a portable pH-meter (Hanna Instruments, Eibar, Spain), equipped with a penetration probe. The color determination of sausages was assessed from fresh cut cross-sections in three different points with a portable colorimeter (Konica Minolta CM-600d, Osaka, Japan), according to CIELAB space [21] : Lightness, (L*); redness, (a*); yellowness (b*), with the next settings machine (pulsed xenon arc lamp, angle of 0 • viewing angle geometry, and aperture size of 8 mm). Hue (H ab ) and chroma (C*) were calculated from the a* and b* values according to expressions:
Moisture, protein, and ash were assessed following the International Organization for Standardization (ISO) recommended standards [22] [23] [24] . Total fat was extracted according to the American Oil Chemists' Society (AOCS) official procedure [25] , while carbohydrate contents were estimated by the difference. The quantification of total cholesterol, saponification, extraction, and identification was carried out with high performance liquid chromatography (HPLC) in the normal phase, according to Dominguez et al. [26] .
Fatty Acid Profile
The total fat was extracted from 12.5 grams of the sample and 50 milligrams were utilized to determine the FA profile. Total FAs were transesterified, following Dominguez et al. [26] . The separation and quantification of the fatty acid methyl esters (FAMEs) was performed using a gas chromatograph (GC-Agilent 6890 N; Agilent Technologies Spain, S.L., Madrid, Spain) equipped with a flame ionization detector following the chromatographic conditions described by Dominguez et al. [26] . Data of FAME profiles were expressed in grams per 100 grams of fat.
To assess the nutritional properties of sausages, the ratios polyunsaturated fatty acid (PUFA)/SFA, n-6/n-3, hypocholesterolemic/Hypercholesterolemic (h/H) ratios, the nutritional value (NV), the indexes of atherogenicity (AI), and thrombogenicity (TI) were determined. The hypocholesterolemic/Hypercholesterolemic (h/H) ratio was calculated according to Santos-Silva et al. [27] : h/H = ((sum of C18:1n9c, C18:2n6, C18:3n6, C18:3n3, C20:3n6, C20:4n6, C20:5n3, and C22:5n3)/(sum of C14:0 and C16:0)). The atherogenic index (AI) and thrombogenic index (TI) were calculated according to Ulbricht and Sauthgate [28] :
(2)
Texture Profile Analysis
Sausage pieces of 1 × 1 × 2.5 cm (height × width × length) were compressed at a crosshead speed of 3.33 mm/s in a texture analyzer (TA.XTplus, Stable Micro Systems, Vienna Court, UK). The following parameters were recorded: Hardness, cohesiveness, springiness, gumminess, chewiness, and adhesiveness by compressing to 80%, using a compression probe with 19.85 cm 2 of surface contact.
Sensory Evaluation
A pilot consumer test was performed by 32 panelists, recruited among personnel of the Meat Technology Center. The testing was carried out in a room equipped with individual tasting booths under white light [29] . Water and bread without salt were available for rinsing the mouth between samples. Samples were cooked in a hot steam oven (CombiMaster ® Plus, Rational, Landsberg am Lech, Germany) until a core temperature of 70 ± 2 • C was reached. The temperature was controlled using an oven thermometer inserted lengthwise into one of the sausages. After cooking, the sausages were sliced into 1.5 cm thick pieces and served hot. The serving temperature of the samples was 50 ± 2 • C. The three samples were presented to the panelists following a balanced order for each of them [30] .
Panelists were asked to rank the samples according to their own preference related to appearance, odor, hardness, juiciness, taste, and global perception. They also evaluated the overall acceptability of each sample using a 7-point hedonic scale, varying from (1) "liked very much" to (7) "disliked very much", according to Meilgaard et al. [31] .
Statistical Analysis
All statistical analysis was performed using SPSS v. 23 package (IBM SPSS, Chicago, Illinois, USA). The effect of inclusion of oleogel at two levels (25 and 50%) was evaluated employing a mixed-model analysis of variance (ANOVA), where these traits were set as dependent variables, oleogel concentration (0, 25, and 50%) as a fixed effect, and a replicate as a random effect. The pairwise differences between least-square means were evaluated by Duncan's test. Correlations among traits were determined by Pearson's linear correlation coefficient.
The XLSTAT-Sensory version 2018 software was used to analyze all the sensory data. To analyze differences in the sensorial parameters evaluated by the panelist preference ranking test, the Friedman rank sum test was performed [32], using a significance level of 95% to determine whether the panelists were able to discriminate among samples. The least significant difference was used to determine whether significant differences (p < 0.05) existed among sausages.
Overall acceptability data from the evaluation was analyzed by means of a linear mixed model. A sample was specified as a fixed effect while a panelist was specified as a random effect. A significance level of 95% was considered in the analysis and Tukey´s test was used to separate means.
Results
Chemical Composition of Frankfurters
The statistical analysis showed significant differences for all evaluated parameters; however, the numerical values among batches were similar, with the exception of cholesterol content (Table 1) . These outcomes can be explained by the fact that the amount of ingredients in all formulations was in fact the same, except the subcutaneous fat from pork which was replaced by the linseed oleogel. These slight observed differences could be attributed to the lack of homogeneity (backfat, jowl, lean, and heart) in the frankfurter elaboration procedure. Differences in moisture content ranged between 55.55-56.74% for all the batches, while the protein percentage varied from 10.62 to 11.19%, resulting in slightly higher values for the control samples. In addition, the replacement with linseed oleogel had a significant (p < 0.05) effect on protein content. Ash content was significantly affected by replacement of pork backfat, ranging between 4.04 and 4.24%. Regarding the fat content, the differences among batches were small (18.35-20.03%), although they reached statistical (p < 0.05) relevance and the cholesterol amount varied significantly (p < 0.001) among batches, with the highest content (25.08 mg/100g) in the control sausages.
Fatty Acid Profile of Frankfurters
The influence of the partial replacement of pork backfat at two levels by linseed oleogel on the FA profile is shown in Table 2 . As expected, this partial substitution caused a significant effect in all FAs with the exception of α-linoleic acid (C18:2n6c). This is due to the healthy FA profile of the linseed oleogel. However, the most predominant FAs in all batches were monosaturated fatty acid (MUFA), followed by SFA and polyunsaturated fatty acid (PUFA).
Regarding individual FA, oleic acid (C18:1n9c) was the most considerable FA followed by palmitic acid (C16:0), α-linoleic acid, and stearic acid (C18:0). The replacement of pork backfat by linseed oleogel reduced the SFA content from 35.15 g/100 g obtained in control sausages to 33.95 and 32.34 g/100 g in SF-25 and SF-50, respectively. The most predominant SFA was palmitic acid (C16:0), followed by stearic acid (C18:0). The palmitic content decreased significantly (p < 0.05) from 22.23 to 20.07 g/100 g for the control and SF-50 treatment, respectively. Moreover, stearic content showed a significant reduction from 10.92 to 10.37 g/100 g. The MUFA content was also affected by linseed replacement, presenting the highest values in the control sausages (48.06 mg/100 g). Differences are mainly due to oleic content variation along the three batches. In this sense, linseed seed is poor in this FA, causing a significant decrease in the final formulation.
Concerning PUFA, their content was significantly (p < 0.05) affected by linseed inclusion. Indeed, the PUFA content increased from 16.77 mg/100g for the control to 20.10 and 25.46 mg/100 g for SF-25 and SF-50, respectively. The linoleic acid did not show significant (p > 0.05) differences among batches; however, variations in PUFA content are directly associated to the linolenic content. This was a desired consequence, which had immediate consequences on n-3 PUFA content as well as in PUFA/SFA and n-6/n-3 ratios. Indeed, control sausages had the lowest PUFA/SFA ratio (0.47) and the higher n-6/n-3 (14.92). Thus, these ratios could be significantly (p < 0.05) increased to 0.78 and decreased to 1.61, respectively, with replacement of 50% of pork backfat by linseed oleogel. Finally, replacing pork backfat with a linseed oleogel also had a significant effect (p < 0.001) on the IA and IT and on h/H. Sausages with a replacement of 25% and 50% obtained the lowest values for IA and IT (0.42 vs. 0.40 vs. 0.36; p < 0.001 for control, SF-25 and SF-50, respectively, in the case of IA and 0.98 vs. 0.75 vs. 0.53; p < 0.001 for control, SF-25 and SF-50, respectively), showing the better nutritional fatty acid profile. Regarding the h/H ratio, sausages replaced with 50% of lineseed oleogel obtained the highest values, with the highest percentage of hypocholesterolemic FA, α-linolenic, and the lowest amounts of hypercholesterolemic FA (C14:0 and C16:0). On the contrary, control sausages displayed an opposite trend in respect to the amounts of hypocholesterolemic and hypercholesterolemic FA, resulting in the lowest h/H values. However, for all sausage batches studied this ratio was higher than 2.5, which is considered as favorable.
Quality Parameters: pH and Color Assessment of Frankfurters
The pH values were significantly (p < 0.001) influenced by replacement with linseed oleogel, although numerical values were very similar. Regarding color parameters (L*, a*, and b*), they were significantly (p < 0.001) influenced by substitution of pork backfat with linseed oleogel. Specifically, luminosity and yellowness increase with the amount of linseed oleogel (L* from 61.47 to 69.37 and b* from 16.61 to 18.85 for the control and SF-50, respectively). On the contrary, redness value decreased from 12.50 to 9.06 for control and SF-50, respectively (Figure 1) . 
Texture Profile Analysis of Frankfurters
The textural profile analysis shows that the replacement of pork backfat with linseed oleogel led to significant variations in the following textural parameters: Hardness, cohesiveness, gumminess, and chewiness ( Figure 2) . Cohesiveness, gumminess, and chewiness significantly increased in SF-50, with respect to control sausages, but the differences were relatively slight. 
Sensory Attributes of Frankfurters
Sensory analysis indicated that there were significant differences in the preference (p < 0.05), influenced by the replacement of pork backfat with linseed oleogel (Table 3 ). The appearance is significant to consumer preference and acceptability of products. Panelists showed a clear preference (p < 0.05) for control samples over SF-25 and SF-50 samples. Regarding color parameters, the control sample obtained the lowest yellowness value, suggesting a higher acceptability. In meat products, the yellow color is associated with rancid foods caused by lipid oxidation. A significant difference (p < 0.05) was detected between the control and the remaining samples for the odor and taste. The control sample was the most preferred in both cases. Hardness only showed a slightly higher value in the 25% substitution sausage without significant influence in the evaluation for ranking preference. In the case of juiciness, a significantly lower score (p < 0.05) showed for the SF-50, whereas no differences were detected between the control and SF-25. Finally, control samples obtained higher scores for global perception compared to other samples (86 vs. 58 and 48 for control, SF-25, and SF-50 batches, respectively). 
Discussion
Among batches, variations in moisture content were slightly lower than some described by other authors on frankfurters [10, 33, 34] . Differences in protein content between control sausages and the other batches (SF-25 and SF-50) could be explained by the presence of small lean portions in pork backfat. Other authors have reported frankfurter sausages with protein content between 12.5-15% [10, 33, 34] . The range of ashes content was higher than those shown by other authors [10, 33, 34] , who indicated values in the range 2.58 to 3.39%. These differences could be explained by variations in the amount of sodium caseinate, salt, and commercial mix among recipes of the studies.
Previous studies have noted the importance of animal fat in this type of meat products, because it plays a significant role in flavor intensity, juiciness, and tenderness. In comminuted meat products and frankfurters, values of around 26% have been found [13, 35] , but other lower values have been reported as 20.8% in breakfast sausage [16] , 14.41% in sausages elaborated with microencapsulated fish oil [34] , or even 10.3% for low-fat sausages elaborated with Konjac gel [10] . Regarding cholesterol content, it is remarkable that frankfurters formulated with linseed had the lowest cholesterol content with respect to the control sausages (25.08 vs. 17.23; p < 0.05), despite the fact that this result was expectable, because cholesterol is inherent to animal tissues, hence it should not be found in linseed. This is an important improvement from a nutritional point of view.
Overall, the individual FA in the following order (oleic > palmitic > linoleic > stearic) match those reported in earlier studies of frankfurters [33, 34, 36] . It should be noted that a noticeable SFA reduction (in the range 3.4-7.99%) was achieved as a result of the replacement of pork backfat by linseed oleogel. A similar reduction range (3-8%) was obtained with sausages containing fish oil [37] . Other authors have reported higher reductions in SFA content when replacing pork backfat with fish and/or vegetable oils, e.g., 4.5-11.8% [34] and 3-25% [38] in frankfurter sausages.
Reductions in the main SFA (palmitic and stearic acids) have important and beneficial effects on human health in accordance with the recommendations of WHO [3] . Recommendations include reducing SFA intake, due to the raise of low-density lipoprotein (LDL)-cholesterol producing atherogenic and hypercholesterolemic effects [39] . This result may be explained by the fact that linseed has a lower SFA percentage than pork backfat. These findings match those mentioned in previous reports, in regard to the fat substitution in frankfurters with vegetable oils [10, 33, 34] .
On the other hand, lipid oxidation affects color, texture, nutritional value, taste, and aroma leading to rancidity, which is responsible for off-flavors and unacceptable taste, which are important reasons for consumer rejection [40, 41] . Lipid oxidation is a rather complex process, in which unsaturated fatty acids react with molecular oxygen via free radical chain-forming peroxides [42] . The first auto-oxidation is followed by a series of secondary reactions, which lead to lipid degradation and the development of oxidative rancidity products. However, lipid oxidation (Thiobarbituric acid reactive substances values) were not determined in our sausage samples.
Variations in PUFA content, as well as PUFA/SFA and n-6/n-3 ratios, have important implications for the development of healthy meat products, as it is well known that balanced ratios of n-6/n-3 and PUFA/SFA have positive effects on human health. Effectively, excessive n-6 PUFA content and therefore greater n-6/n-3 ratios can result in diseases, such as cardiovascular pathology and prostate cancer, whereas an excessive increase of n-3 PUFA exerts suppressive effects [43] . However, western diets are increasing the amount of n-6 PUFA. Higher proportions of n-3 PUFA have been recommended by European Food Safety Authority (EFSA) [39] and Food and Agriculture Organization (FAO) [44] in order to decrease the n-6/n-3 ratio for the prevention of above-mentioned diseases. The present results agree with the findings of other studies in which the inclusion of olive and fish oils, mixture or alone, diminished the n-6/n-3 ratio in frankfurters [34] and beef burgers [45] .
The color parameters of batches formulated with linseed oleogel are strongly related to color characteristics of raw ingredients used in the formulation. The increase in luminosity and yellowness may be explained by the yellow color of linseed oleogel and is associated with the amount used in the elaboration. Other authors have reported similar results in different meat products, replacing pork backfat with vegetable oils (olive, canola), such as frankfurters [34] , breakfast sausages [16] , pate [46] , or pork patties [47] . On the contrary, Barbut et al. [16] indicated a significant decrease in the luminosity of breakfast sausages elaborated with canola oleogel. The significant (p < 0.001) reduction of redness values in SF-50 (9.06) and SF-25 (10.15) , with respect to the control samples (12.50), seems to be consistent with the study of Lopez-Lopez et al. [9] , which found that the substitution of pork backfat by olive oil decreased the redness value in frankfurters.
One of the main issues in the reformulation of meat products, such as frankfurters or sausages, is regarding textural properties, because some of these properties were quite different in new products than original products. For instance, Barbut et al. [16] indicated that the replacement of beef fat by canola oil in comminuted products led to a firmer and higher rubbery product, which is unsatisfactory. However, in our study, changes in the sausage textural profile were not remarkable, in agreement with [33] , who observed no influence on the hardness or chewiness of frankfurters with olive oil replacing pork backfat. However, this issue is controversial, as the increase of hardness and firmness in frankfurters with olive oil instead of pork backfat [48, 49] , as well as no influence [50] , has also been reported. In addition, in the present study, a negative correlation between hardness and fat content was found (r = −0.560; p < 0.01). A similar behavior was noticed for gumminess and chewiness (r = −0.444 and −0.428, p < 0.05, respectively) while adhesiveness was positive, correlated with total fat content (r = 0.414, p < 0.05).
Modifications in the formulation resulted in global perception being significantly different among samples. Thus, samples with linseed oleogel were assessed with a lower preference. The overall acceptability for sausages depends on many attributes and their interactions. Panelists showed significant differences regarding the sausages with substitution of pork backfat, with overall acceptability scores of 2.06 ± 0.17, 2.69 ± 0.19 and 3.19 ± 0.17 for CO, SF-25, and SF-50. Although the sausage control showed more acceptability than the modified sausages, the three formulations scored in the positive part of the hedonic scale used in this study, obtaining a positive acceptance. Barbut et al. [13] noticed that there may be a hardness and juiciness tipping-point based on the ethylcellulose (EC) concentration in the organogel, where frankfurters containing organogels of lower EC content resembled those prepared with beef fat (control group). In addition, they reported that organogels with higher EC concentration-yielded frankfurters that resembled the control group, potentially allowing for the custom formulation of hardness and other sensory characteristics. Organogel samples formulated with sorbitan monostearate can further help tailor textural and sensory characteristics of emulsion type meat products by adding plasticity to the organogel structure [13] .
Conclusions
Linseed oleogel was successfully inserted into frankfurters in order to replace the pork backfat. The FA profile improved with the use of oleogels, the values of SFA content and the n-6/n-3 ratio reduced significantly, and the cholesterol amount also decreased significantly in the sausages with linseed oleogel. These healthier newly emerging meat products are being screened in the meat industry. However, other sensory parameters could not be substantially improved, such as color, which increased the yellowness with linseed oleogel. Moreover, cohesiveness, gumminess, and chewiness presented higher values in this new product. More research is needed to enhance the sensory properties and lipid oxidation in precooked products with linseed oleogels.
